Abstract
3 4
(n = 104 ± 10 eggs) from a single female were exposed for 5 min to one of the four and water temperature was maintained at 8.0 ˚C ± 0.1 ˚C during the 37-day duration eggs in the sample. They were then photographed using a Leica DFC290 digital Hatched larvae were collected daily from individual incubators and preserved 1 5 2 in 10% formalin (HT501128; Sigma-Aldrich, UK) to screen for embryo malformations. photographed and the standard length was calculated from the tip of the snout to the caudal peduncle (resolution ± 10μm). The incidence of embryo deformities such as 1 5 8 8 spinal scoliosis (Gapasin et al., 1998; Merchie et al., 1997) , and operculum and 1 5 9 sucker deformities was recorded. shown promising results in a small-scale pilot study (Powell et al., 2018a) . A solution and aerated. For the control treatment, the same amount of eggs was added to 500 1 6 7 ml of filtered sea water. After 5 minutes, eggs were rinsed with 1 litre of filtered sea and a 500 µm screen mesh to keep the eggs off the bottom. Salinity was maintained using a grid system to ascertain viability and degumming efficiency, as described conditions (temperature 9.0 ± 2.0 ˚C) and fed enriched Artemia and dry diet. Mortalities were recorded daily for each replicate. 
Statistical analysis
We used R v3.4.1 (R Core Team, 2017) for statistical analysis. Degumming predictors, and incubator ID as a random effect, using the packages "survival" using alcalase concentration as a fixed effect, and incubator identity as a random 1 9 0 effect using the lme4 and lmerTest (Kuznetsova et al., 2017) R packages. We 1 9 1 compared models using untransformed and log10 transformed alcalase concentrations, and also treating alcalase concentration as a continuous or discrete factor resulted in the most plausible models. This study adhered to the ARRIVE guidelines and was approved by Swansea There was no significant difference in hatching success between controls and eggs 2 1 6 exposed to alcalase, once tank effects were taken into account (Figure 3 in the case of 2% alcalase (t = -14.097, P < 0.001). Alcalase was also effective at degumming lumpfish eggs under large scale,
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commercial conditions (estimate = 0.531, SE = 0.230, Z value = 2.306, P < 0.05).
3 5
Exposure of fertilised eggs to 2% alcalase for five minutes resulted in a mean During the commercial trial, we exposed fertilised lumpfish eggs at a ratio of one egg £46.45 for 500ml, but placing a large bulk order can probably obtain it c. 25%
cheaper at £74.3 per Litre. Based on this bulk cost, and £10,000 fixed costs for the 2 4 7
sourcing of wild broodstock, we estimated the benefit to cost ratio of incubating 1 account different hatching and degumming rates at different alcalase concentrations.
The simulations ( Figure 5 ) suggest that the optimal alcalase concentration is 0.2% and non-viable lumpfish eggs could be separated using a column and a salinity gradient. In summary, we describe (and validate under commercial conditions), a method for
chemically removing the adhesive layer of lumpfish eggs immediately after artificial 3 2 1 fertilization using the enzyme alcalase. A five minute exposure to 2% alcalase 3 2 2 resulted in 70% degumming rate, 14% reduction in chorion thickness, and larger 3 2 3 larvae without impacting on hatch rates or larvae survival up to 8 weeks after hatching. Cost-benefit analysis indicates that the costs of alcalase treatment are offset under most conditions and that a 0.2% concentration is the most cost-
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